Primary biliary cholangitis (PBC) is a disease of small bile ducts, which can lead to morbidity and mortality. Our aim was to assess recent trends in mortality and healthcare use of PBC patients in the Medicare program. Data from Medicare beneficiaries between 2005 and 2015 (5% random samples) were used. The diagnosis of PBC was established with International Classification of Diseases-9 code 571.6 used for both primary and secondary diagnoses. Mortality was assessed by Medicare-linked death registry. Healthcare use included episodes of care, length of stay, and total charges/payments. Independent predictors of outcomes were evaluated in multiple generalized linear or logistic regression models. The study cohort included a total of 6,375 inpatient/outpatient Medicare beneficiaries (mean age 69.8 years, 17% male, 88% white, and 18% with disability). Over the study period, 1-year mortality remained stable (9.1% to 14.3%, P = 0.11). Independent predictors of 1-year mortality were older age, male gender, black race, the presence of ascites, encephalopathy, hepatocellular carcinoma, and higher Charlson score. Outpatient total yearly charges and payments per beneficiary with PBC increased from $3,065 and $777 ( 
P rimary biliary cholangitis (PBC) is an immune-mediated disease of the intrahepatic small bile ducts (1) (2) (3) that can lead to cholestasis and potential progression to cirrhosis. (4) More than 90% of the affected individuals with PBC are female, and most of them are 50-70 years old. (5) Although PBC is relatively rare, it is still considered the most common autoimmune liver disease. (6) The prevalence of PBC has been estimated to be approximately 65 per 100,000 people in the United States. (7) This prevalence rate appears to vary geographically, and rates are reported to be higher in northern European countries, United Kingdom, and Scandinavian countries. (8) (9) (10) (11) (12) Furthermore, PBC is more common among patients with a first-degree relative with the disease, reflecting a possible genetic susceptibility. (13, 14) Not surprisingly, patients with PBC often have other autoimmune conditions, including autoimmune thyroid disease and Sjogren syndrome. (15, 16) Although most PBC patients present asymptomatically, some may have fatigue and pruritus. Affected individuals usually have elevated serum alkaline phosphatase levels, and in fact, the presence of antimitochondrial antibody with elevated alkaline phosphatase establishes the diagnosis. (17) Ursodeoxycholic acid (UDCA) is the first-line treatment for PBC. (18) The use of UDCA slows disease progression and improves outcomes, especially in patients with mild histologic changes and good biochemical response. (18) (19) (20) (21) (22) Nevertheless, there is a group of patients with PBC who do not respond optimally to UDCA. This prompted a number of efforts to develop additional investigational agents for PBC. In May 2016, obeticholic acid was approved for patients who were not responsive or intolerant to UDCA. (23, 24) Despite these advances, PBC continues to contribute to the development of cirrhosis and remains an important indication for liver transplantation. In this context, PBC contributes to the mortality and morbidity with significant clinical and economic burden. (25) In the United States, Medicare represents a major health-care coverage for the elderly and the disabled. (26) The impact of PBC on resource use and mortality of Medicare recipients can have important economic and budgetary implications. In the current study, our aim was to assess the trends in prevalence, mortality, and resource use in the Medicare recipients with PBC between 2005 and 2015.
Methods
We used Medicare inpatient and outpatient files with final action fee-for-service claims submitted by outpatient healthcare providers and by inpatient hospital providers for reimbursement of facility costs. For the purpose of this study, a 5% random sample of Medicare beneficiaries who received inpatient or outpatient care from 2005 to 2015 were used. All inpatient, outpatient, and denominator files were stripped of data elements that might allow identification of the sampled participants. The study was approved by the Inova Institutional Review Board, and a data-use agreement with the Centers for Medicare and Medicaid Services (CMS) was in place.
In both inpatient and outpatient parts of the study, the International Classification of Diseases (ICD)-9 code 571.6 and ICD-10 code K74.3 were used to establish the diagnosis of PBC. A claim was included in the study if the principal or any of the secondary diagnoses for that claim was PBC. A separate subgroup analysis was performed to select cases of PBC based on two or more PBC codes. This was done to see whether a more restrictive definition has any effect on the results. In addition the diagnosis, ICD-9 and ICD-10 codes were used to identify PBC patients with hepatic decompensation (ascites, hepatic encephalopathy, portal hypertension, variceal bleeding, and HCC) and to calculate their Charlson Comorbidity Index (CCI) (Supporting Table S1 ).
The study outcomes included mortality, resource use parameters (the number of episodes of care, total charges and payments, Medicare spending, and patient's responsibility). The total payment per claim was the sum of payments made by Medicare, other third-party payers if applicable, and the patient's responsibility that included all applicable copayments, deductibles, and coinsurance. For the inpatient part, we also studied inpatient mortality and the length of inpatient stay (LOS), which was defined as the number of days of care in a claim, including the number of days of care that are chargeable and nonchargeable to Medicare facility use. If more than one inpatient or outpatient claim was reported for a patient in a given year, then, for that patient in that year, the resource use parameters were added up to yield the total yearly artiCle iNForMatioN: resource use. All charges and payments were adjusted to the 2016 dollars using the medical component of the Consumer Price Index (https://www.bls.gov/cpi/).
StatiStiCal aNalySiS
Demographic and resource use parameters of the study cohort were summarized by year and were compared across the study years using a nonparametric Kruskal-Wallis test for continuous variables or chisquare test for categorical variables or Kendall test for trends. P values of 0.05 or less were considered potentially statistically significant.
Generalized linear regression with log link function and gamma error distribution was used to identify independent predictors of the total payments. Independent predictors of inpatient and overall 1-year mortality were studied using multiple logistic regressions. Potential predictors of the outcomes included patients' demographics and available clinical parameters (the presence of ascites, hepatic encephalopathy, portal hypertension, variceal bleeding, and HCC). All analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).
Results

CliNiCo-DeMograpHiC CHaraCteriStiCS oF tHe StUDy popUlatioN
Between 2005 and 2015, the 5% random sample of Medicare data set yielded a study cohort of 6,375 patients with PBC, ranging from 467 (2005) to 726 (2014) patients per year (prevalence trend P = 0.0018) ( Table 1 ). The mean age of the PBC cohort was 69.8 years, 83.2% were female, and 88.0% were white. Furthermore, approximately 70% of the patients were younger than age 75. In terms of Medicare eligibility, most patients were eligible due to age (80.8%) and disabled status (18.4%) ( Table 2 ). Among the study PBC cohort, 7.6% also had ascites, 5.7% had hepatic encephalopathy, 0.6% had spontaneous bacterial peritonitis (SBP), 7.0% had portal hypertension, 7.3% had esophageal varices, and 1.5% had HCC. Furthermore, 54.9% of the total cohort had a CCI of 0 or 1 ( Table 2) .
Over the study period (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , there were no consistent changes in the demographics, disease severity, or complication of cirrhosis in the inpatient or outpatient setting (Supporting Table S2 ).
Mortality aND HealtHCare USe iNCUrreD By MeDiCare reCipieNtS WitH pBC
One year the mortality rate for the PBC cohort was 11.5% and remained stable over the study period (P = 0.11). Mortality data revealed that within 1 year of the outpatient encounter, 7.6% of Medicare PBC patients died (P = 0.65 over the study years). In contrast, 26.9% of the inpatient Medicare patients with PBC died within 1 year of the encounter (P = 0.13 between the study years).
The resource use was calculated separately for outpatient and inpatient settings. Of the entire PBC Medicare cohort included in this study, 5,281 (82.8%) subjects received outpatient care. The number of Medicare recipients with PBC seen in the outpatient setting in 2015 had increased by 63.6% from the number of visits in 2005. In the outpatient setting, about 5% of the cohort had some evidence of hepatic decompensation (ascites 4.3%, hepatic encephalopathy 2.0%, SBP 0.02%, portal hypertension 4.5%, esophageal varices 5.2%, and HCC 1.4%; all P > 0.05 for the time trends).
Another surrogate for resource use was number of claims. During 2005 and 2015, the average number of outpatient claims per year per patient was 2.1 (ranging from 1.9 to 2.2, P = 0.35 for the trend) and the average number of diagnoses per PBC claim was 3.8 (increased from 3.1 to 4.6, P = 0.0003) (Table 3) . Furthermore, over the study period, the average total charges and average total payments were $4,184 (median $1,226) and $797 (median $243), which increased by 56.3% and 8.5%, respectively, from 2005 to 2015 (Fig. 1A) . In contrast to the outpatient setting, 1,924 (30.2%) of the PBC cohort had at least one inpatient encounter. Between 2005 and 2015, the number of Medicare patients with PBC in the inpatient setting increased by 17.9%. As expected, the rates of hepatic complications in the inpatient setting were higher than those reported for the outpatient setting (ascites 16.6%, hepatic encephalopathy 15.5%, spontaneous bacterial peritonitis 1.8%, portal hypertension 13.1%, esophageal varices 12.6%, and HCC 1.7%; all-time trend P > 0.05). Furthermore, 78.9% of such patients had a CCI of at least 2. Of the PBC patients who received inpatient care at least once, the mean number of inpatient claims per year was 1.4 (P = 0.88) and total yearly LOS was 8.4 days (P = 0.76) ( Table 3 ). The average total charge was $72,233 (median $38,212) and the average total payment was $22,860 (median $13,459) (Fig. 1B) .
iNDepeNDeNt preDiCtorS oF Mortality aND HealtHCare USe
Multivariate analysis revealed that the strongest predictors of 1-year mortality in all Medicare beneficiaries with PBC were presence of ascites and hepatic encephalopathy (odds ratios 4.1 and 2.4, respectively; both P < 0.0001). Other predictors of mortality in PBC included older age, male gender, black race, the presence of HCC, higher CCI score, receiving inpatient care in that year at least once, and longer inpatient stay (all P < 0.001). No association with calendar year was found (P = 0.49), suggesting no significant time trend in the outcome (Table 4) .
In the outpatient setting, independent predictors of increased annual payments were younger age, female gender, higher CCI, and indicators of advanced liver disease (ascites, portal hypertension, esophageal varices, and HCC) (all P < 0.002) ( Table 5 ). Among inpatients, independent predictors of increased payments were also younger age, the presence of ascites, portal hypertension, and hepatic encephalopathy (all P < 0.001) but not calendar year (P = 0.35) ( Table 5 ).
SUBgroUp aNalySiS oF patieNtS WitH tWo or More iCD CoDeS For pBC
To use a more restrictive definition of PBC, we ran a subgroup analysis of the same outcomes using patients with two or more claims with a code for PBC. From the original cohort, approximately 47% (n = 2,990) had two or more inpatient or outpatient PBC codes. In comparison to patients with only one claim for PBC, patients with two or more claims were more frequently female and were sicker as indicated by higher Charlson comorbidity scores and more evidence of hepatic decompensation (ascites, hepatic encephalopathy, esophageal varices, portal hypertension, and HCC) (all P < 0.01) (Supporting Table S3 ). Patients with two or more codes also incurred more resource use (Supporting Table S3 and Supporting Fig. S1 ). Despite this higher disease severity, the independent predictors of the study outcomes (mortality and resource use) in this subgroup were nearly identical to those reported for the entire group of patients with PBC (Supporting Table S4 ).
Fig. 1. Trends in (A) outpatient and (B) inpatient inflation-adjusted charges and payments ($).
Discussion
This study assessed the clinical and economic burden of PBC on Medicare beneficiaries in the United States. Our data show that among Medicare recipients, the prevalence of PBC is on the rise. In fact, the number of Medicare recipients with PBC has increased both in the inpatient and outpatient settings. In our study cohort, which included 5% random sample of the Medicare database for the United States, the prevalence of PBC was 20.9 per 100,000 in 2005, which increased to 24.4 per 100,000 individuals by 2015. These findings are consistent with previous published data. (27) (28) (29) (30) In fact, the prevalence for PBC ranges from 1.91 to 40.20 per 100,000 people. (30) In this context, the prevalence of PBC in the Canadian population has been shown to have increased from 10 per 100,000 in 1996 to 22.7 per 100,000 in 2002. (28) In contrast, the prevalence of definite PBC was reported to have been higher in the United Kingdom, and these rates were reported to increase from 114 per 100,000 in 1987 to 157 per 100,000 in 1994. (27) Although our data are consistent with the data reported from North America, it is somewhat lower than the rates reported from the United Kingdom. This may be due to underestimation of PBC diagnosis using the Medicare database or an ascertainment bias in the reported rates. (27) Nevertheless, the consistency of our data with what is reported from the United States provides some validation for our findings.
It is important to note that despite this increase in the number of cases of PBC during the study period, the short-term mortality of patients with PBC with Medicare coverage remained relatively stable. As expected, that mortality was driven by signs of advanced liver disease (e.g., ascites, hepatic encephalopathy) and higher rates of comorbidities (CCI scores), which are both consistent with previous reports.
( [30] [31] [32] [33] [34] In contrast, the lack of improvement in mortality over 1 decade of the study is intriguing. It is possible that there is greater impact of "competitive" mortality in this study's Medicare population with PBC, who are almost 70 years old throughout the study period. Alternatively, it is also plausible that UDCA use or the time of initiating UDCA in the Medicare PBC patients is not optimal. (35) (36) (37) Further studies with added medication use data are needed to check these hypotheses. Another finding of our study was the data on inpatient and outpatient resource use for Medicare recipients with PBC. Our study showed that, between 2005 and 2015, total charges increased in both inpatient and outpatient settings, whereas the total yearly payments remained stable, as did the proportions of patients' responsibility in those payments (17.3% for outpatient, 10.4% for inpatient, both trend P > 0.05). Use of services (the number of episodes of care, the total length of stay) also remained stable. Not surprisingly, complications of cirrhosis, such as ascites, hepatic encephalopathy and portal hypertension, were independent predictors of higher healthcare use. It is important to note that although previous studies have focused on the cost-effectiveness of UDCA and the cost of liver transplantation for PBC patients, (25, (38) (39) (40) this study assessed the economic burden on the US Medicare system, which is the major payer for approximately 40% of all PBC patients who are 65 and older. (18) It has been suggested that patients with a specific condition such as PBC may be more accurately identified from the administrative databases such as Medicare, if we had focused on those with two or more diagnostic codes for PBC. (28) In fact, this approach appears to bias PBC patients with more severe liver disease. Furthermore, a more recent study did not provide any evidence that the single-code approach to diagnosis of PBC would compromise accuracy. (41) Nevertheless, for the purpose of sensitivity analysis, we validated our findings in a subgroup of patients with two or more claims with a PBC code; this reduced the study cohort by approximately half. In addition, we found that PBC patients with two or more codes were sicker and consumed substantially more resources, although the reported trends and associations were reliably reproduced. Given these results, we believe that requiring the presence of two or more disease codes in Medicare data is not a mere way of validation but rather an indicator of a more severe disease and, thus, may be biased against PBC patients with earlier stages of the disease, an important clinical cohort that should be identified and managed properly. It is important to note, however, that in this study, administrative data were sampled annually; it is possible that with longer look-back periods, that bias might not be as profound.
Our study has limitations. The first is the use of an administrative database with its inherent limitations discussed previously. (28, 41, 42) Furthermore, there was a change in disease codes used by Medicare in 2015, from ICD-9 to ICD-10. This change resulted in better categorization of medical conditions. Nevertheless, misclassifications during the transition period may have affected the accuracy of the data. In this context, validation of ICD codes for PBC will be important. Another potential limitation of the Medicare data set is the age of qualification for enrollment. Because PBC is known to predominantly affect women in their 40s and 50s, the Medicare database may underestimate the true prevalence of PBC. A similar study with a real-world cohort could possibly result in a higher prevalence rate. (43) Finally, a subset of patients in our study might be on medications that could potentially alter the complications and prognosis of PBC, such as ursodeoxycholic acid; because our data set did have pharmacy information, future studies that contain this information will be important. (43) In conclusion, our study revealed that the number of patients diagnosed with PBC has been increasing in the Medicare population. PBC is associated with mortality, with especially higher rates in the inpatient setting, given the high rates of hepatic complications. If there is no change in the disease trend, it can be suggested that the economic burden of PBC to Medicare will continue to rise.
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